Occupational asthma due to platinum salts is a frequent disease in platinum refineries. The diagnosis is based upon a history of work related symptoms and a positive skin prick test with platinum salts. Bronchial provocation tests have not been performed in epidemiological studies because the skin test is believed to be highly specific and sensitive. As no reliable data about this issue currently exist, this study assesses the use of skin prick and bronchial provocation tests with methacholine and platinum salt in platinum refinery workers. Twenty seven of 35 workers, who were referred to our clinic with work related symptoms and nine control subjects with bronchial hyperreactivity underwent a skin prick test and bronchial provocation with methacholine and platinum salt. For skin prick and bronchial provocation tests with platinum salt a 102-10' mol/l hexachloroplatinic acid solution, in 10-fold dilutions was used. Four of the 27 subjects and all controls showed neither a bronchial reaction nor a skin reaction. Twenty three subjects were considered allergic to platinum salt; 22 of these showed a fall of 50% or more in specific airway conductance after inhalation of the platinum salt solution. Four workers experienced a positive bronchial reaction despite a negative skin prick test. No correlation of responsiveness to methacholine with responsiveness to platinum salt was found, but the skin prick test correlated with the bronchial reaction to platinum salt (r, = 0 50, p < 0-023, n = 22). One dual reaction was seen in bronchial provocation tests. Side effects of both skin tests and bronchial provocation tests with platinum salt were rare and were not encountered in workers without a skin reaction to platinum salt. It is concluded that bronchial provocation tests with platinum salts should be performed on workers with work related symptoms but negative skin tests with platinum salts.
Occupational asthma due to platinum salts is a frequent disease in platinum refineries. The diagnosis is based upon a history of work related symptoms and a positive skin prick test with platinum salts. Bronchial provocation tests have not been performed in epidemiological studies because the skin test is believed to be highly specific and sensitive. As no reliable data about this issue currently exist, this study assesses the use of skin prick and bronchial provocation tests with methacholine and platinum salt in platinum refinery workers. Twenty seven of 35 workers, who were referred to our clinic with work related symptoms and nine control subjects with bronchial hyperreactivity underwent a skin prick test and bronchial provocation with methacholine and platinum salt. For skin prick and bronchial provocation tests with platinum salt a 102-10' mol/l hexachloroplatinic acid solution, in 10-fold dilutions was used. Four of the 27 subjects and all controls showed neither a bronchial reaction nor a skin reaction. Twenty three subjects were considered allergic to platinum salt; 22 of these showed a fall of 50% or more in specific airway conductance after inhalation of the platinum salt solution. Four workers experienced a positive bronchial reaction despite a negative skin prick test. No correlation of responsiveness to methacholine with responsiveness to platinum salt was found, but the skin prick test correlated with the bronchial reaction to platinum salt (r, = 0 50, p < 0-023, n = 22). One dual reaction was seen in bronchial provocation tests. Side effects of both skin tests and bronchial provocation tests with platinum salt were rare and were not encountered in workers without a skin reaction to platinum salt. It is concluded that bronchial provocation tests with platinum salts should be performed on workers with work related symptoms but negative skin tests with platinum salts.
Occupational asthma, rhinitis, conjunctivitis, and eczema are common diseases in platinum refineries'" and catalyst production plants. 7 The prevalence of these symptoms in cross sectional studies is considerably higher than the prevalence of a positive skin prick test with platinum salt (table 1) . Thus reliable diagnostic measures are necessary to establish the causal relation between symptoms and exposure to platinum salts. For longitudinal studies quantitative assessment of sensitisation is of interest.
In platinum salt allergy in vitro data such as the radioallergosorbent test (RAST)69 13 14 and histamine release from basophils' lack specificity. Binding rates in RAST showed some correlation with total serum IgE activity59 and although some authors found significant differences in RAST binding rates between skin test positive subjects and controls, this test has poor sensitivity and specificity. An individual diagnosis cannot be made by means of RAST and this is also the case for histamine release from basophils with free platinum salts.5 Little information is available about histamine release with platinum salt/ protein conjugates. Pepys et al'5 found significant histamine release with various conjugates in only one of six workers with suspected allergy to platinum salts, but not in two controls. Passive transfer of antibodies also gave conflicting results, although specificity seems high as no positive reactions were found in controls. 61415 Thus the diagnosis of allergy to platinum salts is based on work related respiratory or cutaneous symptoms and a positive skin test. A skin prick test with platinum salt is believed to be highly specific.6 14 Little information is available about bronchial provocation tests with platinum salts. Powder inhalation without any information about the inhaled quantity was described in two early case reports.'6 17 Pepys et al 8 performed bronchial provocation tests with 40 mg platinum salt (ammonium hexachloroplatinate, ammonium tetrachloroplatinate, and sodium hexachloroplatinate) per kg lactose powder in 16 refinery workers. Subjects inhaled the dust while shaking 250 g of this mixture. The authors described eight immediate type reactions with one dual reaction. Two subjects showed positive skin tests but negative bronchial tests. In two further cases showing negative skin prick tests with platinum salt isolated late asthmatic reactions were reported. No data about non-specific bronchial hyperreactivity were given in these studies. A control group was not included.
It was the aim of the present study to evaluate the dose response relation for a platinum salt (sodium hexachloroplatinate) in bronchial provocation tests and to define the value of skin prick and bronchial provocation tests in the diagnosis of platinum salt asthma to establish diagnostic tools for epidemiological investigations.
Materials and methods

SUBJECTS
A total of 35 workers from two platinum refineries with work related symptoms were referred to our pulmonary department for a medical opinion between February 1983 and February 1990 by the Ministry of Social Welfare. Tests were performed on average 15 (range 0-132) months after the workers had been removed from the refinery workshop. Although most workers were no longer in the refining area, 19 still had occasional contact with platinum salts, mainly via personal contact with refinery workers or contaminated materials. Twenty seven of the 35 subjects were submitted to bronchial provocation tests with both methacholine and platinum salt. No bronchial provocation tests were performed in eight subjects (one had severe airways obstruction (forced expiratory volume in one second (FEV,)% inspiratory vital capacity (IVC) 41%), three showed a mild asthmatic reaction during skin prick tests (among them another subject with severe airway obstruction), and four were not challenged for technical reasons). For controls, we investigated nine subjects with episodic asthma, bronchial hyperreactivity, and no exposure to platinum salts. Thirty three of the 35 workers (including the 27 subjects who were submitted to bronchial provocation tests) and none of the controls had any medication for at least 48 hours before the tests and neither steroids nor antihistamines for at least four weeks. Skin prick tests with platinum salt were performed on a further 100 controls with respiratory symptoms. Medication taken by these controls was not recorded. Workers and control subjects signed informed consent forms for all tests. Results Thirty one of the 35 workers were considered allergic to platinum salt-that is, they showed either a positive skin reaction or a positive bronchial provocation test with platinum salt. Three workers had no signs of allergy to platinum salt and one was doubtful. Table 2 gives the anamnestic data. A personal history of previous respiratory symptoms or allergic diseases was found in 13% of subjects allergic to platinum salt. A wide variability of occupational exposure time and of the sensitisation period occurred (mean 24; range 1-264 months) without a significant difference in both refineries. Main symptoms were rhinitis and asthma and symptoms did not differ between the refineries; 71 % of workers allergic Thirteen of the 27 subjects who underwent a skin test and bronchial provocation with methacholine and platinum salt still had occasional contact and six had regular contact with platinum salts. No differences were found in skin prick tests, bronchial provocation tests with methacholine and platinum salt, IgE concentration, or FEV,%IVC between workers with and without contact with platinum salts. The period since the end of exposure did not correlate with lung function, IgE concentration, and reactivity to methacholine. The time since leaving the refinery workshop had a negative correlation with skin prick (r, -0-48, p < 0-014, n = 27) and bronchial provocation tests with platinum salt (r. for PD,0sGaw -0-53, p < 0 007, n = 27), suggesting that sensitivity to platinum salts decreases after the end of exposure. Age and occupational exposure time showed no correlation with skin reactivity and bronchial reactivity to platinum salt.
Nineteen of the 27 workers (but none of the controls (n = 109)) showed a positive skin prick test with platinum salt. One worker was doubtful; he had a weal diameter of 4 mm with the 102 mol/l solution and no reactions with lower concentrations. The weal diameter of the histamine control was 7-75 mm. He experienced no 50% fall in sGaw but coughed and sneezed after inhalation of the platinum salt. The mean platinum salt concentration of subjects with positive skin tests for a histamine equivalent reaction was 4-2 x 10' (1-0 x 10' -2-6 x 10-3) mol/l. Figure 1 gives the dose-response curve for the 19 subjects with positive skin prick tests with platinum salt.
With a threshold value of 1 mg methacholine, three subjects were not hyperreactive; among them were two workers considered allergic to platinum salt. These workers experienced first symptoms 28 and 38 months previously. One of them was still working in the refining area and the others had left the refinery workshop 27 months previously. Thus the lack of hyperreactivity could not be attributed to a shorter exposure period. Mean PD5, sGaw (methacholine) was 03 (range 0-014-15) mg (n = 27). 3) . This was also the case with PD3,5 with the threshold concentration for a 50% fall in sGaw. Also, methacholine responsiveness did not show any correlation with skin reactivity to platinum salt. Lack of correlation was also found when considering only subjects with a positive bronchial provocation test (n = 22). Twenty two of the 27 workers had a positive bronchial provocation test with platinum salt. None of the nine controls were positive although they showed a more pronounced non-specific hyperreactivity with a mean PD50sGaw (methacholine) of 0-04 (range 0-02-1 09) mg. Figure 4 gives the time course of sRaw after a positive bronchial provocation test with platinum salt. Most workers experienced a fall in sGaw of 50% or more during bronchial provocation tests with platinum salt at a concentration of 10' mol/l (fig 2) . Mean PD,5,sGaw (platinum salt) was 8-3 x 10'-(range 4-3 x 10-10 -6-2 x 10') M. Four workers with positive bronchial provocation tests but negative skin prick tests with platinum salt showed a higher PD,0sGaw (platinum salt) with a mean of2-3 x 104 (range 8-9 x 10 -6-2 x 10') M. Mean occupational exposure time in these workers was 41 (range 1-161) months and the mean time since leaving the refinery workshop was 9 5 (range 0-60) months. The time between the investigation and first symptoms also showed a wide range (mean 54, range 2-101 months). Figure 3 Correlation of skin prick tests and bronchial provocation tests with methacholine (MCH) and platinum salt (Pt). "-PD50" and "-His" means that no 50% fall in sGaw or no histamine equivalent reaction in skin prick test was achieved. Dots represent refinery workers (n = 27); stars are controls (n = 9). Correlation coefficients do not include control subjects. The PD50sGaw (platinum salt) showed a correlation with skin reactivity (r, 0-66, p < 0-0008, n = 27). Again, this was also the case with PD3, and the threshold value for a 50% fall in sGaw (r. 0-60 and 0-68). Correlation coefficients were lower but still significant when only subjects with a positive bronchial provocation with platinum salt were considered (r, 0 50, p < 0-023 for PD50sGaw, n = 22).
One worker (histamine equivalent in skin prick test with platinum salt 2-8 x 10' mol/l, PD50sGaw (platinum salt) of immediate reaction 4-3 x 10-' M) showed a dual reaction with a clear late reaction requiring parenteral steroid therapy ( fig 5) . No severe immediate asthmatic responses were seen (maximum sRaw7-5kPa x s). Figure 6 gives the patterns of positive reactions in skin tests and bronchial provocation tests with methacholine and platinum salt. Sixteen of 27 workers had positive reactions in all three tests. Two subjects with positive skin prick tests showed a fall in sGaw of 50% or more after inhaling the platinum salt despite a lack of hyperreactivity (PD,0sGaw (methacholine) 4-2 and 2-3 mg). Four subjects with negative skin prick tests with platinum salt had a positive bronchial provocation test with platinum salt and all of them were hyperreactive. One worker showed weak hyperreactivity to methacholine (PD50sGaw 0 97 mg) and a positive skin prick test with platinum salt but no reaction in a bronchial provocation test with platinum salt. One worker had negative tests and was not considered allergic to platinum salts, as were three workers with bronchial hyperreactivity but negative skin tests and bronchial provocation tests with platinum salt.
Discussion
Hexachloroplatinate is the main platinum salt complex encountered in refineries and catalyst production plants. As other complexes offer no advantage,'4 we chose the hexachloroplatinate complex for our investigation.
Thirty one of a total of 35 workers with work related respiratory symptoms were considered allergic to platinum salt-that is, they had either a positive bronchial or positive skin test reaction. One worker showed a doubtful skin reaction without a bronchial reaction. Thus workers of platinum refineries with work related symptoms have a high probability of having platinum salt allergy. As our study is not an epidemiological one, further interpretation of results is not possible.
Subjects were examined at a mean of 15 (range 0-132) months after they had left the refining area. Although reactions in skin prick and bronchial provocation tests with platinum salts decreased with increasing time since end of exposure, allergy to platinum salt could be diagnosed in 23 of 27 subjects who underwent bronchial provocation tests. Longitudinal studies are needed to determine the time course of platinum salt sensitisation after end of exposure.
The skin prick test with platinum salt is not as sensitive as it is specific. Four workers with work related respiratory symptoms and a positive bronchial provocation test with platinum salt showed no skin reactions to platinum salt. False negative skin prick tests with platinum salt were excluded because tests were performed with freshly prepared platinum salt solutions in duplicate. Negative skin tests with platinum salts and positive isolated bronchial reactions were described by Pepys and coworkers.'8 We could not find any isolated late reaction (and only one dual reaction in a highly sensitive worker) in our subjects. This subgroup of workers with negative skin prick tests and positive bronchial provocation tests could not be identified by anamnestic data. It is not likely that the lack of skin reaction in these workers was due to a shorter period of exposure or longer absence of exposure to platinum salt. Total serum IgE concentration showed a wide variation in these four workers; two subjects with positive skin tests to standard allergens had raised IgE concentrations (115 and 161 U/ml); the rest, without skin reactions to standard allergens, showed normal IgE concentrations (5 and 45 U/ml). It is tempting to speculate that these subjects with negative skin reactions and positive bronchial reactions to platinum salts might show a different reaction mode, probably not mediated by IgE. Skin prick tests with platinum salt caused mild systemic reactions not requiring treatment in three workers. As we applied a rather high quantity of platinum salt to the skin (complete dose-response curve in duplicate from 10-8 up to 10-2 mol/l), side effects might be reduced by using only one concentration or stepwise testing. For practical purposes, we recommend performing skin prick tests with a platinum salt concentration of 10-' mol/l (4 1 x 10-3 g/ml). This concentration is in the range of the recommendation of Roberts3 who found specific skin reactions with concentrations of 10-3 to 10-8 g/ml. With the concentration of 102 mol/l, the maximum weal diameter was 19-5 mm and with the I0-3 mol/l solution, 12 5 mm; the doubtful reaction was not recognised and four further reactions decreased to the size of the histamine control.
Most subjects showed clear bronchial hyperreactivity. Hyperreactivity to methacholine is not a constant finding, however, in platinum salt induced asthma and is quantitatively not correlated with skin and bronchial reactivity to platinum salt. Thus quantitative assessment of bronchial hyperreactivity to methacholine is of little value for a prediction of the reaction in bronchial provocation tests.
Bronchial provocation tests with platinum salt appear to be specific as none of the controls showed any reaction. Sensitivity of bronchial provocation tests was higher than that of skin prick tests. Only one of the 23 workers who were considered allergic to platinum salt had a negative bronchial provocation. This worker with borderline hyperreactivity (PD5,sGaw (methacholine) 0 97 mg) showed no 50% fall in sGaw during a bronchial provocation test with platinum salt, but a clear clinical reaction with sneezing and coughing.
Bronchial provocation tests with platinum salt as performed in this study are not hazardous. Using stepwise increasing platinum salt concentrations, maximum airway obstruction can be kept at a moderate level. The maximum sRaw was 7-5 kPa x s with a mean maximum sRaw of 3-6 kPa x s in the group ofworkers with a positive bronchial reaction to platinum salts. Only one immediate reaction had to be treated by a fi agonist because of severe coughing.
As one highly sensitised worker experienced a late asthmatic reaction, we suggest performing bronchial provocation tests in a clinical setting where emergencies can be treated adequately. We recommend a provocation dose of about 10" M platinum salt as the first inhalation step in highly sensitised workers, which corresponds to a concentration of lo-mol/l with our inhaler device. In our study only one of the 27 subjects reacted to a concentration of 10-6 mol/l; however, workers with a systemic reaction in skin tests and with obstructive airway disease were not submitted to bronchial provocation tests. Bronchial sensitivity in these subjects might be even higher. In persons with negative skin prick tests with platinum salt, a 10-fold higher platinum salt dose or concentration seems appropriate as a first step.
We have shown that work related respiratory symptoms are not predictive of platinum salt asthma. Negative skin prick tests with hexachloroplatinic acid do not exclude the disease. This has to be considered when interpreting or performing epidemiological studies concerning platinum salt asthma.
Our investigations further show that in a number of countries legal threshold values for occupational platinum salt exposure bear risks for those workers who are sensitised to platinum salt. At the threshold exposure of 2 ug/m3 workers inhale about 2-0 x 10 8 g/minute or 0-5 x 1010 mol/minute. This corresponds to the PD50sGaw in bronchial provocation tests with platinum salt. 
